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1
REDUCED PRESSURE-DROP PIPE ELEMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a duct element suitable for
use as a shapeable coupling element 1n any line for passing a
flow of fluid, a gas or a liquid, within any 1ndustrial applica-
tion, ¢.g. within a rocket engine.

2. Description of the Related Art

Duct elements of this type are known that comprise a
deformable tubular covering in the form of a bellows having
inwardly projecting annular projections, thereby making 1t
casy for said bellows to couple together two rigid pipes of the
flow line, even with the pipes that do not share a common axis.

Inside the flow line, the fluids may be conveyed at speeds
that are high and/or at temperatures that are extreme, whether
cryogenic or very high.

The duct element i1s 1n particular confronted with such
constraints if 1t 1s mtended, for example, to be applied to a
fluid flow line that 1s mounted within a rocket engine, 1n
particular for admitting tuels and oxidizers to a combustion
chamber of such an engine.

In order to protect the tubular covering of such a prior art
duct element against the damage that results from the etfects
of turbulence and/or large thermal effects, one solution 1n
widespread use consists in causing the fluid to flow not
directly within the tubular covering itself, but within a pro-
tective sleeve having an end segment that 1s fastened 1n one
end of the tubular covering and having its free end projecting
into the inside of the tubular covering.

In a varniant of that prior art protective sleeve, a second
segment projects into the mside of the tubular covering, with
one of 1ts ends being partially engaged on the free end of said
end segment.

Because of the dynamic behavior of the duct element, a
drawback of both of those prior art variants lies in the need for
the protective sleeve to include a constriction 1n 1ts flow
section, which constriction increases with decreasing radius
of curvature to be imparted to the duct element 1n order to
shape 1t 1n position.

Although the two-segment variant makes 1t possible for the
flow section to be constricted to a lesser extent than when
using a single section, the constriction present on the fluid
flow path 1n both variants gives rise to head losses on the fluid
flow line that are too great.

In addition, 1t has been found that the ends of the segments
of the protective sleeve become degraded as a result of

stresses from the vibration induced by constricting the flow of
the fluid.

BRIEF SUMMARY OF THE INVENTION

An object of the present invention 1s to remedy those prob-
lems by providing a duct element that makes 1t possible
practically to eliminate the constriction of the flow section of
the protective sleeve.

More particularly, this object of the invention 1s achieved
by a duct element that comprises a deformable tubular cov-
ering 1n the form of a bellows having imnwardly projecting
annular projections; and a protective sleeve comprising an
end segment fastened 1n the tubular covering and having a
free end that projects towards the 1nside of the tubular cover-
ing, the mvention being characterized in that the protective
sleeve further comprises a plurality of other segments
engaged 1n part one within another, each of said other seg-
ments including at a periphery of an outside surface thereof at
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2

least one attachment element that 1s fastened to said outside
surface and that co-operates with at least one annular projec-
tion.

It can be understood that by increasing the number of
segments mcluded 1n the protective sleeve, 1t 1s possible to
minimize the constriction of the tlow section to a strict mini-
mum and consequently practically to eliminate turbulence in
the flow of fluid passing through the duct element.

More precisely, by engaging the segments of the protective
sleeve partially one within another, and by causing each of
those segments to co-operate with at least one annular pro-
jection of the tubular covering via at least one attachment
clement situated on a periphery of an outside surface, a pro-
tective sleeve 1s obtained that fits much more closely to the
shape of the tubular covering, regardless of its curvature.

Furthermore, said at least one attachment element included
on each other segment may be an additional element that 1s
fastened on the segment (1.e. an element that 1s in1tially sepa-
rate from the segment and that 1s subsequently attached
thereto), and 1n particular that 1s fastened on the outside
surface of the segment.

Advantageously, the attachment element may be fastened
to the outside surface by welding.

Advantageously, each of said other segments of the pro-
tective sleeve includes a plurality of attachment elements, at
substantially regular intervals on the periphery of an outside
surface, and preferably has at least three attachment elements,
or even six as 1n the examples shown below. This does not
therefore mean that having recourse to segments having only
one attachment element would be unsatisfactory, since such a
configuration nevertheless makes it possible to position the
segments accurately within the tubular covering, and can even
be advantageous 1n a duct element of small dimensions.

According to another preferred characteristic of the mnven-
tion, such another segment of the protective sleeve comprises
a band of metal strip rolled up with partial overlap, thereby
defining the outside surface of said other segment, which
surface has at least one attachment element mounted on 1ts
periphery.

It can be understood that according to this preferred char-
acteristic of the invention, the segment of the protective sleeve
thus possesses a certain amount of resilience enabling 1t both
to remain rolled up with partial overlap like a spiral spring,
and also making 1t easy for it to be engaged 1n part 1n another
segment. Furthermore, the small thickness of the metal sheet
contributes to increasing the flow section and allows the
weight of the protective sleeve to be optimized.

In a preferred embodiment, an attachment element of a
segment 1s 1n the form of a tab that engages against at least one
annular projection, the profile of the tab advantageously
being generally U-shaped, in particular a U-shape with
diverging branches.

Advantageously, an attachment element of a segment co-
operates with only one annular projection of the tubular cov-
ering.

This solution makes 1t possible to use segments of short
length, such that the protective sleeve {its even better against
the shape of the tubular covering, thereby enabling the duct
clement to be curved even more easily and ensuring that the
constriction of the flow passage 1s practically non-existent.
This preferred solution nevertheless does not prevent making
one attachment element co-operate with a plurality of annular
projections. Such a configuration may be found to be particu-
larly appropriate when it 1s desired specifically to reinforce
locally the stifiness of the duct element in order to limit the
extent to which 1t can be curved.
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Advantageously, but not necessarily, the duct element of
the present invention 1s suitable for being fitted with external
reinforcement.

It can be understood that 1t 1s thus possible to reinforce the
tubular covering by stiffening 1t to a greater extent by means
ol external reinforcement, and this can be particularly advan-
tageous when the pressure of the fluid conveyed 1n the duct
clement 1s high.

The duct element then preferably has a plurality of rigid
reinforcing rings, each having a respective annular projection
that projects inwards and that 1s suitable for engaging in the
outside of an annular projection of the tubular covering.

The end segment of the protective sleeve i1s preferably
fastened 1n the tubular covering by welding.

In a preferred embodiment, the end segment 1s fastened to
the tubular covering at a fluid inlet end thereof.

It can be understood that in this preferred embodiment,
vibration stresses at the inlet of the protective sleeve due to the
flow of the fluid are reduced to a very great extent.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

Other characteristics and advantages of the invention
appear better on reading the following description of an
embodiment of the mvention given by way of non-limiting
example. The description refers to the accompanying draw-
ings, in which:

FIG. 1 1s a longitudinal section view of a duct element in
accordance with the invention;

FIG. 2 1s a view 1n longitudinal section of the detail II of
FI1G. 1 of a duct element 1n accordance with the invention:

FIG. 3 1s a perspective view of a segment of the protective
sleeve 1n accordance with the invention; and

FI1G. 4 1s a longitudinal section view of the detail I of FIG.
1 of the duct element in accordance with the invention and
showing up a particular way of making the tubular covering.

DETAILED DESCRIPTION OF THE INVENTION

There follows a description of the general organization of
the duct element 1n accordance with the invention.

The duct element 1 (ctf. FIG. 1) has a deformable tubular
covering 2 in the form of a bellows with annular projections 3
that project inwards.

The bellows of the tubular covering 2 comprises a metal
sealing sheath 9, preferably made of stainless steel. The seal-
ing sheath 9 may be made either as a single piece (ct. FIG. 2),
or else from two or more sheets 18 and 19 that are shaped
together (ct. FIG. 4).

Furthermore, and 1f necessary when the pressure that exists
inside the tubular covering 2 lies 1n the range a few bars to a
few hundred bars, it 1s possible to mount rigid reinforcing
rings 10 on the sealing sheaths 9. Such reinforcing rings 10
are advantageously made of metal, preferably of steel, and
cach of them comprises a respective annular projection 11
projecting inwards and of profile that 1s designed to be suit-
able for engaging against the outside of the annular projection
3.

The profile of the annular projection 11 of a reinforcing
ring 10 may have tlanks that are parallel, but it 1s preferably in
the shape of a drop of water (ct. FIGS. 2 and 4). An annular
projection 11 having a profile 1n the shape of a drop of water
enables the reinforcing ring 10 engaged in the annular pro-
jection 3 of the sealing sheath 9 to avoid opposing curving of
the tubular covering 2.
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4

Furthermore, in order to enable the annular projection 11 of
a reinforcing ring 10 to engage 1n an annular projection 3 of
the sealing sheath 9 from the outside, each reinforcing ring 10
1s advantageously made up of two portions.

The tubular covering 2 may include a rigid central ring 12
that 1s made of metal, preferably of steel, in order to better
distribute the stresses to which the tubular covering 2 1s sub-
jected when being curved. The sealing sheath 9 1s then sub-
divided into two portions 9a and 956 that are arranged on e1ther
side of the central ring 12, one end of each of the two portions
9a and 95 as formed 1n this way being engaged at one end 1n
the central ring 12.

The rigid central ring 12 presents an annular projection 13
that projects inwards, as shown 1n FIG. 1. This annular pro-
jection 13 includes an internal groove for optimizing the
weight of the central ring 12.

The duct element 1 also includes a protective sleeve 4
having an end segment 5 fastened in an 1nlet flange 14 of the
tubular covering 2 and having a free end that projects towards
the 1inside of the tubular covering 2.

The end segment 5 1s fastened in the inlet flange 14 of the
tubular covering 2, preferably by welding.

In accordance with the invention, the protective sleeve 4 of
the duct element 1 has a plurality of other segments 6 that are
engaged partially one on another.

Such a segment 6 1s 1n the form of a band made of metal
strip that 1s rolled up with partial overlap (ci. FIG. 3). The
length of the band of metal strip corresponds to a little more
than the length of an annular projection 3, such that once the
segment 6 has been 1nstalled inside the tubular covering 2 it
can engage partially inside the adjacent segment.

In the example shown, such a segment 6 has a plurality of
attachment elements 8 fastened to said segment 6, preferably
by welding.

More particularly, the segment 6 has six attachment ele-
ments 8 arranged at substantially regular intervals at the
periphery of 1ts outside surface 7, such that all of the attach-
ment elements 8 engage on the same annular projection 3 of
the tubular covering 2. The attachment elements 8 thus enable
the segments 6 to be held 1n predetermined positions nside
the tubular covering 2.

Such an attachment element 8 1s constituted by a rectan-
gular metal plate, preferably made of the same metal as that
used for making a segment 6, with its two ends 8a and 85
being folded 1n a lateral direction relative to the segment 6
with a fold angle of less than 90°. The base 8c of the attach-
ment element 8 1s fastened, preferably by welding, in an
eccentric position on the periphery of the outside surface 7 of
a segment 6. The article as folded 1n this way forms a tab of
generally U-shaped profile with diverging branches. This
shape makes 1t easy to engage the attachment element 8 on the
annular projection 3 since the folded walls 8a and 85 provide
a guidance function on isertion. In addition, this shape has
the advantage of minimizing points of contact at the interface
between the attachment element 8 and the annular projection
3, such that 1t 1s easier for the segment 6 to rock a little relative
to an annular projection.

As shown 1n the example, 1t may be advantageous to
shorten the length of the folded walls 8a and 85 while con-
serving the dimensions of the base 8¢ intact, in order to make
it easier to apply weld spots when fastening the attachment
clement 8 to the outside surface 7.

When the presence of a central ring 12 1s required, the
attachment elements 8 of a central segment 20 positioned
level with the rigid central ring 12 are engaged directly on the
annular projection 13 of the central ring 12 (ct. FIG. 1). Thus,
since the length of the projection 13 depends on the length of
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the rngid central ring 12, the dimensions of the attachment
clements 8 of said central segment 20 are adapted accord-
ingly, and the length of the central segment 20 1s also adapted
so that 1t remains longer than the length of the rgid central
ring 12, so that there 1s no iterruption in the continuity of the
assembly constituting the protective sleeve 4.

There follows a description of one way of assembling a
duct element 1 constituting the embodiment of the invention
as described above.

The first step consists in mounting a first segment 16 1n the
tubular covering 2 by engaging its attachment elements 8 on
the first annular projection 3 encountered beside an outlet
flange 15. To do this, the first segment 16 1s pinched between
two points on 1ts outside surface 7, between the attachment
clements 8, e.g. by means of a suitable pincer, thereby having
the effect, by elasticity, of increasing the length of the overlap
portion of the first segment 16, so that 1ts diameter decreases.
It1s then possible to insert the first segment 16 1nto the tubular
covering 2 by passing it through the outlet flange 15. On
relaxing the pressure exerted on the first segment 16, 1t returns
clastically to 1ts initial diameter, thereby holding 1t 1n position
in the tubular covering 2.

Thereatfter, a second segment 17 1s pinched so as to reduce
its diameter elastically, and 1s then positioned on the second
annular projection 3 to be encountered starting from the outlet
flange 15, by passing the second segment 17 through the
outlet flange 15 and then inside the first segment 16 within the
tubular covering 2. Since the length of the segments 6 1s
longer than the length of the annular projections 3, and since
the attachment elements 8 are fastened in eccentric manner on
the peripheries of their outside surfaces 7, once the stress
exerted by pinching the second segment 17 has been released,
the second segment returns to a state 1n which it 1s partially
engaged 1n the first segment 16.

It then suffices to employ exactly the same technique for
mounting the following segments 6.

Once all of the segments 6 have been mounted, the last
segment 18 has one end that remains free beside the inlet
flange 14. The end segment 5, which 1s not necessarily exten-
sible like the other segments 6, 1s then inserted into the tubular
covering 2 by passing through the inlet flange 14. The end
segment 5 1s pushed into the tubular covering 2 until 1t 1s
partially engaged within the end that has remained free of the
last segment 18. Once 1n position, the end segment 3 1s finally
welded to the inside of the inlet flange 14.

The invention claimed is:

1. A duct element comprising:

a deformable tubular covering 1 a form of a bellows
including mnwardly projecting annular projections; and

a protective sleeve including an end segment fastened in
the tubular covering and including a free end that
projects towards an 1nside of the tubular covering,
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wherein the protective sleeve further includes a plurality of
other segments engaged 1n part one within another, each
of the other segments including at a periphery of an
outside surface thereot at least one attachment element
that 1s fastened to the outside surface, that co-operates
with at least one annular projection, and that enables the
segment to rock relative to the at least one annular pro-
jection,

wherein the bellows of the tubular covering include a seal-

ing sheath,
wherein the tubular covering includes a central ring pre-
senting an annular projection that projects mnwards,

wherein the sealing sheath 1s subdivided into first and
second portions which are arranged on either side of the
central ring, and first ends of the first and second por-
tions of the sealing sheath are engaged with ends of the
central ring, and

wherein the annular projection of the central ring engages

the attachment element of a central segment, a length of
the central segment being longer than a length of the
central ring.

2. A duct element according to claim 1, wherein each of the
other segments includes a band of metal strip rolled up with
partial overlap and defining the outside surface.

3. A duct element according to claim 1, wherein the attach-
ment element 1s 1n a form of a tab that engages against at least
one annular projection.

4. A duct element according to claim 3, wherein a profile of
the tab 1s generally U-shaped, or 1s U-shape with diverging
branches.

5. A duct element according to claim 1, wherein the attach-
ment element co-operates with only one annular projection.

6. A duct element according to claim 1, wherein each of the
other segments includes a plurality of attachment elements, or
at least three attachment elements.

7. A duct element according to claim 1, wherein an end
segment 1s fastened in the tubular covering by welding.

8. A duct element according to claim 1, wherein an end
segment 1s fastened to the tubular covering at a fluid 1nlet end
thereof.

9. A duct element according to claim 1, wherein the attach-
ment element 1s fastened to the outside surface by welding.

10. A duct element according to claim 1, wherein the seal-
ing sheath 1s made of a single piece.

11. A duct element according to claim 1, wherein the seal-
ing sheath 1s made of two or more sheets that are shaped
together.

12. A duct element according to claim 1, further compris-
ing a remnforcing ring mounted on the sealing sheath, the
reinforcing ring including an annular projection projecting
inwards and engaging an outside of the annular projection of
the bellows.
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